Introduction
As severe chronic hand eczema (HE) causes considerable occupational, social and psychological disability [1] [2] [3] , comprehensive primary prevention strategies at the workplace are needed. The economic and social impact of occupational HE is considerable for both the individual and society. In a substantial number of patients HE develops into a chronic condition even when the initial causative agent is avoided [4] and young professionals are often concerned [5] . In about 20%, HE leads to sick leave longer than 7 days and in about 10% results in job change [6] . The reported annual incidence of work-related HE varies between 5 and 19 cases per 10,000 workers at occupational risk [7] . A high incidence rate has been associated with female sex, contact allergy, atopic dermatitis and wet work [6] . Employees in the metal working industry are at increased risk of hand dermatitis due to skin contact with metalworking fluids. Funke et al. [8] reported a 1-year cumulative incidence of HE of 9.2% (95% CI 7.8-10.7%) in a sample of 1,110 apprentices employed as metal workers in the automobile industry.
Previous research has demonstrated that job strain, increased work hours and shift work contribute to the risk of becoming a smoker or aggravating an existing smoking habit and may also present barriers to quit smoking [9] . In addition to its well-known long-term complications, smoking is also known to influence various inflammatory skin diseases. Thus, smoking has been shown to be a risk factor for developing lupus erythematodes [10] [11] [12] , palmoplantar pustulosis [13] [14] [15] and, to some extent, also psoriasis [16, 17] . Numerous studies have linked cigarette smoking with delayed wound healing and a number of wound-related complications [18] . Until now, contradictory findings have been reported concerning a possible association between tobacco smoking and HE [16, [19] [20] [21] [22] [23] [24] [25] [26] . However, several studies showed an association between tobacco smoking and nickel sensitization [27] [28] [29] . The present study was aimed at determining the impact of smoking on the skin condition in a population at particular risk for developing occupational hand dermatitis (i.e. metal workers). As the majority of this group were shift workers and thus the proportion of smokers is expected to be even higher [30] than the reported 30% in the adult general population of Germany [31] , a potential problem might thereby be aggravated.
Material and Methods

Study Population
At baseline, 1,355 metal workers from 19 mainly small or medium-sized factories in Germany were recruited. Except for a minority of n = 36 all included subjects were shift workers (rotating shifts: early morning, afternoon and night shifts). Only individuals able to work at the time of the investigation were included. None of our participants suffered from distinct hand eczema. All participants gave their informed consent to take part in a standardized interview and a dermatological examination of their hands. A subgroup of 1,020 male metal workers (406 smokers and 614 nonsmokers) which fulfilled our inclusion criteria for a recently published intervention study [32] gave their written informed consent to be followed-up for 1 year. The study design was approved by the local ethics committee of the University of Erlangen-Nuremberg. The study was performed from winter 2006/2007 to spring 2008.
The Interview
The questionnaire used for a standardized personal interview has been described in detail elsewhere [33] . In short, the main part of the interview was related to working conditions, use of skin protection at the workplace and dermatological disorders of the hands. Questions related to dermatological disorders of the hands comprised the use of corticosteroids, dermatological consultations and disability due to hand dermatitis as surrogate for severe HE. Among other general questions, the participants were asked if they smoked or not. The interview was repeated after 12 months.
Skin Examination
In order to obtain objective -almost observer-independent [32] -results, the HEROS [34] , a quantitative skin score, had been used. The score comprised all eruptions and physiologic abnormalities (e.g. dryness) characteristic of HE and made it possible to register the extent, intensity and anatomical site of each type of skin lesion as well.
Statistical Methods
Following descriptive analyses, differences in proportions between disjunct subgroups were tested for heterogeneity with the 2 test, or Fisher's exact test in case of at least one expected cell frequency ! 5. Differences in metric variables were tested with the Wilcoxon test, in view of the often skewed distribution. Risk regarding dichotomous outcomes was quantified with an odds ratio (OR), accompanied by a 95% CI. In view of the exploratory nature of analyses, alpha adjustment techniques were not employed; significant results (p ! 0.05) are thus not regarded as confirmatory. For data management and analysis, SPSS (version 17. 0) and SAS (version 9.2, SAS Institute, Cary, N.C., USA) software packages were used.
Results
At baseline, the majority of participants were male (96.7%; n = 1,310), aged from 17 to 64 years (median 42 years; mean 40.8 years), whereas only 45 participants were females. The female workers were between 17 and 59 years old (median: 36 years; mean: 37.6 years). The proportion of self-reported smokers was 41.6% in male participants and 42.2% in females. Only 2 subjects did not answer the question concerning their current smoking status. We subdivided the male participants into three age groups (ranges according to the 'German Health Update' (2008/9) [35] ). Group I from 18 to ! 30 years comprised 199 participants (15.2%), group II from 30 to ! 45 years 599 participants (45.8%) and group III 509 (38.9%), respectively. The proportions of smokers were 53.8, 43.4 and 34.8%, respectively.
Significantly more smokers reported to suffer or to have suffered from dyshidrotic vesicles than nonsmokers (25.5 vs. 19.3%; p = 0.007, 2 test). Based on self-reports of the medical history, no significant differences between smokers and nonsmokers could be observed for atopic dermatitis, former or present HE, topical application of steroids on the hands, dermatological consultations and disability due to HE. Using the total skin score as a quantitative and objective parameter, there was no significant difference between smokers and nonsmokers (for further details, see table 1 ). However, there was a weak but significant difference for erythema as a surrogate for acute inflammation, as smokers had significantly higher score values for erythematic skin lesions on both hands than nonsmokers (p = 0.016; Wilcoxon test, fig. 1 ).
Of the 1,020 male metal workers, 800 (78.4%) could be followed up for 1 year. Smoking at baseline significantly increased the risk of being lost to follow-up (OR 1.49, 95% CI 1.19-1.85). The prevalence of smokers in the subsample was at 37.8% and thus still higher than in the German general population. After 1 year of follow-up, it decreased to 34.4% since significantly more participants stopped smoking than took it up (p = 0.0012, McNemar test). Those smokers present at follow-up reported slightly more frequently to use topical steroids on their hands at present (2.9 vs. 1%, p = 0.038) or having used steroids in the past 6 months (4.4 vs. 2.1%, p = 0.068). Smokers also reported episodes of dyshidrotic HE in the follow-up period more frequently (p = 0.027). Furthermore smokers reported more often on episodes of hand dermatitis, on dermatological consultations and disability due to hand dermatitis. Most other differences between smokers and nonsmokers were only slight and failed statistical significance. Based on the HEROS results, significant differences between smokers and nonsmokers were observed only for erythema and vesicles ( table 2 ) . These results were not influenced by the intervention of the aforementioned study [32] , and there was no association between smoking status and intervention effect. At the 1-year follow-up, only 3 subjects, 2 of them smokers, reported that they had been unable to work in the past year and a total of 13 subjects reported current topical application of steroids on both hands. In this small subgroup, the proportion of smokers was with 2.9% slightly higher than those of nonsmokers (1%).
Discussion
Despite knowing the long-term sequelae of smoking, many smokers find it hard to quit this habit and require additional motivation. Occupational physicians can play an active role in smoking prevention and cessation and must provide their smoking employees incentive, guidance and intervention to help them discontinue this habit. Tobacco smoking is known to influence various inflammatory skin diseases [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . An association between smoking and HE has been postulated [16, 19, [22] [23] [24] [25] [26] and the present findings underscore that smoking has a negative impact on work-related HE. This might provide the occupational physician with yet another good reason Compared to these data, in our sample at baseline the proportion of male smokers in the age group of 30 years to ! 45 years was marginally higher (43.4 vs. 42.5%) and also quite equal in the oldest age class (34.8 vs. 34.6%). The most striking difference was observed in the youngest age group (53.8 vs. 43.2%). In all recruited individuals the total percentage of smokers was 41.7%; in the sample that was willing to be followed up (n = 1,020), the percentage of smokers at baseline was 37.8 and 34.4% (n = 800) at the follow-up examination after 1 year, respectively.
This smoking prevalence can be attributed to the fact that most individuals in our sample were shift workers. In general, night workers smoke more and have significantly higher BMI, serum total cholesterol, and triglycerides than day workers [30] . Shift work is suggested to promote unhealthy behavior, since disturbances of sleep and circadian rhythms and stress on family and social life might result in physiological changes and maladaptive coping strategies [36] . Until now, inconsistent or even contradictory findings concerning the potential influence of smoking on worsening HE have been reported in occupational settings [21] [22] [23] [24] as well as in populationbased surveys [16, 25, 26] .
Results of Studies in Occupational Settings
The study of Sprince et al. [21] researched differences in the occurrence of contact dermatitis between machine operators exposed to metal-working fluids (n = 158) and unexposed assemblers (n = 51) and found weak evidence that smoking might be associated with occupational HE, especially dyshidrotic HE, in metal workers. In contrast, Berndt et al. [22] did not find a positive correlation between the extent of cigarette smoking and the development of HE in their cohort of 201 metalworker trainees. Montnémery et al. [23] assessed the prevalence of selfreported HE in an adult Swedish population and its relationship to age, gender, smoking habits and occupation in a cross-sectional questionnaire study. Using multiple logistic regression analysis both female sex (OR = 1.91; 95% CI 1.47-2.47) and smoking (OR = 1.35, 95% CI 0.1.04-1.75) were found to be independent risk factors for HE (1-year prevalence). Aggregated risk occupation or categorized occupation such as medical or nursing work, production or service was, however, not significantly as- Table 2 . C omparison between smokers and nonsmokers at 1-year follow-up; morphologic pattern refers to both hands (palms and backs) Smokers (n = 275) Nonsmokers (n = 525) p value* Present topical application of steroids on the hands n = 8; 2.9% n = 5; 1.0% 0.038 Topical application of steroids in the past 6 months n = 12; 4.4% n = 11;2.1% 0.068 Past dyshidrotic vesicles in the last six months n = 26; 9.5% n = 28;5.3% 0.027 Past hand eczema n = 18; 6.5% n = 19; 3.6% 0.154 Past or present skin disorders at this workplace n = 57; 20.7% n = 104; 19.8% 0.758 Dermatologic consultation due to hand dermatitis n = 9; 3.3% n = 15; 2.9% 0.743 Disability due to hand eczema n = 2; 0.7% n = 1; 0.2% 0.273 Total score value mean/median (range) 16 sociated with 1-year prevalence of HE. Based on self-reports obtained from 13,452 individuals, Meding et al. [24] recently found no clear association between 1-year prevalence of HE and smoking. Herein retrospective data of three occupational cohorts (e.g. bakers, dental technicians and hairdressers) and their controls were included. The controls were randomly selected individuals from the general population with a similar age and sex distribution. Only heavy smoking, i.e. more than 10 cigarettes per day, slightly increased the risk of HE.
Results of Population-Based Surveys
In a population-based study performed on 25,851 volunteers in Sweden Meding et al. [25] recently detected a dose-response relation between the level of smoking and 1-year prevalence of HE (prevalence ratio 1.05; p ! 0.001), indicating a very slightly (by 5%), but significantly increased prevalence of HE among individuals with higher consumption of tobacco. Thyssen et al. [26] confirmed that tobacco smoking was positively associated with HE by analyzing data of a cross-sectional study on 3,471 volunteers of the general population of Copenhagen. In contrast to Meding et al. [24, 25] , Thyssen et al. [26] stated that current light smokers ( ! 15 g daily) had a higher prevalence of HE than current heavy smokers. However, another huge population-based survey among 18,747 Norwegian urban adults [16] completely failed to find an association between cigarette smoking and HE.
So even though several studies identified smoking as a possible factor promoting HE [21, [23] [24] [25] [26] , a consistent dose-dependent relationship has not been established yet [24] [25] [26] . This may be due to the fact that in these studies smokers tended to palliate their habit and thus their specifications concerning the amount of their smoking might be unreliable, although in studies that correlated hemoglobin adducts of acrylonitrile with self-reported daily amount of cigarettes the correlation was excellent [37] . In order to answer the question of dose-dependency objectively, further studies, combining objective skin examination with hemoglobin adducts of acrylonitrile, are needed. In this study, questions concerning the smoking status of the participants therefore omitted aspects of quantity and were restricted to a qualitative Yes/No question.
Concerning the skin status, however, in contrast to the aforementioned population-based studies, the present study was not solely based on self-reports on HE but also on a detailed quantitative skin examination of both hands. Therefore, a clear, objective distinction between acute, subacute or chronic HE was possible by assessing the predominance of either primary or secondary eruptions. Furthermore, the study population was quite homogenous and thus the results had not to be adjusted for social or biological confounders.
In the present study, smokers had significantly higher score values for both erythematous lesions and vesicles, indicating an acute stage of HE, based on results obtained by use of the HEROS. This observation is in line with previous reports on the predominance of vesicular eczema among smokers in smaller samples [19, 21] and it can be interpreted as a further negative health impact of both smoking and shift work.
One can speculate that our sample which could be followed up for 1 year was more health-conscious compared to the total of included subjects at baseline, since it was willing to be followed up in the first place. This assumption is supported further by the lower percentage of smokers at follow-up, implying a higher drop-out rate of smokers that caused a self-selection bias or smoking cessation. But even without the drop-outs, the skin status of the remaining smokers strongly suggested that smoking took its toll on their skin condition.
Occupational physicians have a preventive assignment. In order to preserve and possibly promote the health of their patients, they need to take into consideration all possible negative agents. The negative effects of smoking on the skin condition has to be observed under two seemingly diametrical aspects since occupational skin diseases comprise a large part of all occupational diseases. Occupational physicians and occupational dermatologists as skin experts must be familiar with all possible influences detrimental to the skin. This is crucial in order to determine if worsening of a skin condition is caused by occupational influences alone or if it is possibly aggravated by inflammatory effects of life-style factors (e.g. smoking).
Smoking is a major health risk and the preventative assignment of the occupational physician therefore comprises smoking prevention. Constant motivation of employees to quit and continually abstain is at the same time the most important and the most difficult task in this enterprise. On the other hand, the prevention of skin diseases is, again, under the major aims of occupational prevention. As active participants in both the prevention/ cessation of smoking and prevention of skin diseases, the present data might give the occupational physician additional support for counseling workers at increased risk of developing HE to quit smoking. Our results provide a further strategic opportunity to motivate smoking cessation at the workplace and reduce smoking-related morbidity and even mortality.
